. 1 H-NMR spectra of synthesized microspheres in D2O: (a) SiO2@PMBA microspheres; (b) SiO2@PMBA@Au microspheres. Figure S1 showed the 1 H-NMR spectrum of SiO2@PMBA microspheres and SiO2@PMBA@Au microspheres. Some changes could be observed by comparing the signals between the two microspheres.
When a ligand is grafted onto the surface of a nanoparticle, its NMR signals are broadened because of the distribution of local environments, which spread the associated chemical shifts, and because of shorter transverse relaxation times, which arise from a decrease of its rotational mobility (degrees of freedom). [1] This broaden can be so significantly that the signal completely flattens out in the baseline, just as disappeared. On the contrary, free functional groups will yield sharp signals. This changes on the NMR spectra have been observed and proved in thiol ligands stabilized AuNPs [2, 3] . In this research, the difference could be also observed in the case of amide as the ligands, which could provide evidence for the linkage between Au and N atoms. In curve a, the signal at 8.29 ppm was ascribed to the protons of amide groups (-CONH-) in PMBA, and it significantly flattened out or completely disappeared after immobilizing AuNPs on the SiO2@PMBA microspheres, (in curve b), which reflected the functional groups closest to the AuNPs and interacting with AuNPs. Other functional groups closer to AuNPs were methyl and methylene groups on the polymer networks, which corresponded to the sharp signals at 1～2 ppm in curve a. Most of them also disappeared after the immobilization of AuNPs.
In addition, the sharp signals at 5～6 ppm could be assigned to the protons of vinyl groups. Here, the carbon double bonds would came from two parts. One was the residual double bond of the crosslinker without polymerization, which was pended on the polymer chains. The other one was the double bonds produced by disproportionation termination during the polymerization process, which was at the terminal of the polymer chains. The latter was connected with the saturated carbon, resulting in the signals of methylene groups next to these double bonds shifted to high magnetic field. The disappearance of the signals at 5～6 ppm in curve b was due to the vinyl groups simultaneously reduced by NaBH4 with the formation of AuNPs. The stronger signal at 3.46 ppm was attributed to the methylene groups between the two N atoms of MBA, it had no significant changes in curve a and curve b.
